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Characterization of co-amorphous complex with piperine and triterpenoids from
Ligustri Lucidi Fructus and dissolution evaluation in vitro
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Abstract: Objective To prepare a co-amorphous complex of piperine (PIP) and triterpenoids from Ligustri Lucidi Fructus (TLLF) to
improve the dissolution of TLLF. Methods TLLF-PIP co-amorphous complex was prepared using solvent evaporation method. The
microscopic structure of co-amorphous complex (CAC) was analyzed using differential scanning calorimetry (DSC), scanning
electronmicroscopy (SEM), and powder X-ray diffraction (PXRD), the optimal ratio of the two components was investigated through
the thermal stability experiment. Ultraviolet-visible spectrophotometry (UV-Vis) and high performance liquid chromatography
(HPLC) were applied to determine the amount of TLLF, PIP and the individual components, ursolic acid (UA) and oleanolic acid
(OA), respectively. The interaction of the optimal CAC was analyzed by Fourier transform infrared spectroscopy (FTIR), and its
solubility and dissolution behavior in vitro were also studied to evaluate the formation of the preparation. Results PXRD analysis
indicated that the TLLF-PIP-CAC with a mass ratio of 1 : 1 exhibited a stable amorphous state, which particles presented in
near-spherical shape. FTIR results indicated that there are some hydrogen interactions between the moleculars of TLLF and PIP. The
solubility and dissolution determination exhibited a pairwise released behavior with improved triterpenoids and decreased piperine
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dissolution. Conclusion The prepared TLLF-PIP-CAC can significantly improve the dissolution and amorphous stability of TLLF,
which may provide a reference for the compatibility of insoluble compound in traditional Chinese medicine.
Key words: triterpenoids from Ligustri Lucidi Fructus; piperine; co-amorphous complex; dissolution; pairwise release; compound

compatibility; ursolic acid; oleanolic acid
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23y EHN 4 piF =i (triterpenoids of LLF, TLLF),
B & U 2 Coleanolic acid, OA) FIAHE 52 Cursolic
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Fig.1 Chemical structure of UA, OA, and PIP
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AN T REREL, AR LLE J7 8 3 1) 24 170 1)
FCAL A0, [FIR, SRS I K T 45 2457
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SRR (M, B 5 TLLF AR
W TR A AR PR, R R Ok
JEEAHIE (OA: 20~300 mg/kg, UA: 15~60 mg/kg™,
PIP: 25~100 mg/kg). i JL4E PIP AR A4 F] F
W52 0, KEIG AR AT G R R, PIP
RESE /2 VF 2 4 M RN 245 BRAE FH A TR I 250 7E N B3 )
RN D RAE R R, B R, A
¥ TLLF 5 PIP j@ ik % 757 il 4% B TLLF-PIP-CAC,
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HIVER, B HRE TLLF (O RAEIRI I, S2l
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X245 PR BTAE A 7] ; S-480011 FESEM 33 % 5434 it
TR, HAHIL AT FTIR-8400S {4 HL 45k
ZLAMEIEAL, HAEE AR ; Bruker D8 Advance X
ST (XRD), f#[E Bruker A 7#]; NETZSCH
DSC 204 Z/HE#A, MEERBA R Agilent
1260 Series B RGHRAH IS, EE Agilent A ;
ZRS-8G BRI HRIRAY, REERFTLLH]

7ol CRBFR L i &Y 2 vl Ligustrum
lucidum Ait. TR SE, 2 2R 7424
B EZDHEHIRET, 6 (PEZ) 2015 4F
FRARED) T B R R AR AR A A UA X
U ESH=98%, iS5 YAO505YAL4) T H
FAGIEA AR A R A F] s OA XS (i)
$=98%, #t5 110709-201206) M H H E £ 5 25 5
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B160525). PIP (Jii &4 #1=95%, #t'5 ZL150200).
UA (Jli &7 $=95%, k5 160420). OA (JiiE4r
$=95%, fIt'5 160724) ¥y H Fe 5TEERAEE 25 Rk
BIRAF]; SP-825 KALWBHH AR, HA =35 b %k
KXot HESAEEAL, AChmaik, Hany
NIt
2 FAEEHR
21 HEBHIE
211 Lyl =wE-tASt L e B E &Y (TLLF-
PIP-CAC) [1fil€ Myl TZiMiER, LL 15 5
95% Z BEHEHL 3 ¥k, BFIR 2 h, TEHUKKYE, SP-825
BUORALBEE EAE, 23 HZ8187K . 50% L1 95%
LG, WEE 95% L BEVE G, Rl 2, TR
] 1A FH 95% LR VA A B 45 5 2 IR, B FTfS A s
WIREGYEZE T, ISl =55, %
“2.27 TR G RAENE, THE IR = E
ZERELH] TLLF 5% 4 0.19%, $REUW b8 =i 5
BN 80.2%.

M TLLFIRE h M =5 5PIPREH N L ¢
1. 1501, 22 1 3R imk e 259, NI & T
WIRFFFATIRE), 45 CIRIEZR K, $FERER, KA
BEEME TR TSR T, 4 CTIRASH.
2.1.2 TLLF f1 PIP ¥R & WIHIHI % %18 CAC
R =5 PIP [RAH [F] 5T & G BG40 AS i PR B 24
Y, FURBRIEMIREE, WAHE, #H.
22 HRFRZ-MEEENE (WLUAG) M

Fs B HREL UA KBS 1 mg, B T 10 mL &5,
oK CBEERIEMBE R ZIE, #2251, 193] UA 0.1
mg/mL 1% HE il i 28 9 o THE TR RS EDOGT HE i i 25 VR
0.2. 0.4, 0.6, 0.8. 1.0mL 4%/ & 10 mL &=jfH,
IR R EZE, R,

FEERI L EFEREHS 1 mL, BT 60 C/K
BT, RN 5% F S -UKBE R ¥ 0.2 mL
A AR 0.8 mL, KBTETE 15 min, R4
HMEER, KU EFEG S NEEE 5 mL 2,
CAIVKBERE E2Y, #E5), TEPK 548 nm b E Ko
FE, DAROBEE (Y) XPREKRE X0 #7EE, 15
A =l AR E 26 5 FE9 Y=0.010 98 X—0.146 4,
r=0.999 7, 45 ®EK I UA £ 4~20 pg/mL S5
HRIFHILERR.
23 FHESHIEENE
231 ik fF

(1) UA, OAM; {2343y KromasSil Cg 4 (250

mmX4.6 mm, 5 pm); FEBHIAE N B EE- K -UK S R -
= (265:35:0.1:005); Kl 210 nm;

R E 1 mUmin; FEiR 25 C; #EFFE 20 pL.

S S A L UA F1 OA HIAMK T 3 000,

(2) PIPPY, taiftk:ly KromaSil Cyg K (250

mmX4.6 mm, 5 pum); FEBIFHAFEE-K (77 1 23);
Ry 343 nm; ARUAE 1.0 mU/ming AR
30 C; #HFEE 10 pl. BFARIENRELL PIP HHAMKT
3000,
232 WHGEBIIHIS o AR FRREL OAL UA
XTRE S 1,75, 1.69 mg BT 5 mL =i, H A
FMRE R ZIRE, B25), 19217 OALUA 43724 0.350,
0.338 mg/mL X 8 i i 259

F5 2 FREX PIP X 18 5 10.02 mg & T 10 mL &
i, HEAMRIERBE 2 2%, 324 PIP 1.002
mag/mL R HE VTR
233 LMEXRFHE  FEEWIL UA. OA. PIP X}
TR SR IE WS 0.4, 0.84 1.2 1.6, 2.0mL, BT 5mL
B, IEERBERZIE, A, % “23.17 O
TSR HEAT HPLC 43 HT, 3 53l 5 X R0 T AR
AR AMA (YD, BLY XRERE (X BT L%
=, 19FrAEdI 4T 08 UA Y=9.370 5 X—
0.079, r=0.999 8, kil 46.1~1475.2 ng/mL;
OA Y=13.740 X—19.85, r=0.999 8, £kt
180.0~2 160.0 ng/mL; PIPY=38.075 X+7.81, r=
0.999 7, £kM:VElH 0.40~2.00 ug/mL.

234 TLLF fEZER 7y EE ST K%K
TLLF & &, % LRt 4F47 HPLC 40#T,
W E = b RS R 2 E, S5 R 2.
H AT AT, TLLF A =27 OA Fl UA, P T7ESE
WO & P AR R IR (4B R=2.21),
=i OA FIUA Fit o5 1 5 273 5053 ) KT 55% 41
23%.

OA

UA

0 4 8 12 16
t/min
2 TLLFHJHPLC
Fig.2 HPLCof TLLF
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241 MK X HHEfTE (PXRD) 40#F  IRIEEL
Cu 8 (40kV, 40m\V); 20 ffi; L3t 0.02°15;
FEEE] 3.00°~40.00°; HFHIHEZE 4°/min, 45500
3. PXRD Bl &7, TLLF 23 H 24 ks
TERTETIE, Hirh 13.38°.15.20° 4 OA [ b AR AT 5%,
14.20°4 UA @b ARATS 0, i8I 2 DL AT
KAFAET TLLF H . PIP [ R ARAT I 06 0 A 7 12°~
30°, 2L 2 B BRI U A ER S TLLF
FPIP B AR AT R B ek S5, ELAEA R,
VLR A IR 2 Fhpl e 2 (8 R A T 99 A EAE A,
B EZ AR IHAAAE, Ui Bl A BR & AN RE
IR b B S50 Tk TLLF AT PIP J8 v 77
S REEE, WEFHES IR TE2E R, U
B TLLF 1 PIP JERK /4L E R, H TLLF 5 PIP
fEL1:1.15 1/ 2: 13MEERIL THISZMNES
Y 2P E R

S, Ny e
,.,WMM d
IR c

5 10 15 20 25 30 35 40
201(°)

3 PIP &f& (a)s TLLF (b). TLLF-PIP-CAC (1:1, c;
15:1,d;2:1,e) RTLLFFPIPYIEEAY (1:1,7) B
PXRD [t

Fig. 3 PXRD patterns of crystalline PIP (a), TLLF (b),
CAC of TLLF-PIP(1:1,¢;15:1,d;2:1,e)and physical
mixture (1 : 1, f)

242 #HAawEtt ¥ 3 M EMILA TLLF-PIP-
CAC 7 HI#E 4 ‘CHI 40 CF B THIXHEE 0%[1 %
I AE, 90 d JEiE4T PXRD 7#r, 4558 WL
4. Fae s LR, 3 ANMAC LL Y TLLF-PIP-CAC
TE 4 C RSB H I 210 AR AT 9 0, U0 B VA 2%
HF, 3 FE AW ER R miiz e, Sk
JREZE 40 'C, TLLF-PIP-CAC (15:1 A1 2:1)

Sy AILE 13.2° K 11.5°0F i 20 HERIE kg, X%
BIX 2 KB AV HIL T 857 db B AL, T TLLF-PIP-

CAC (1: 1) I{RFFIBIN) FRIESIIER, XR
B TLLF-PIP-CAC (1:1) HA RIFHHFaEM,

SEIGEEUR R 10 1 #) TLLF-PIP-CAC i#HATHE—
5 R AR T 25 R AE AN 4TI T 70

243 ZEaAMEHNE (DSC) ¥ ¥ TLLF.

UA. OA. PIP. TLLF-PIP-CAC (1 :1) FIkH[A
T C G BV A o Sl BCE TR SR

TERAGRY T I, FHEEZR 10.0 C/min, FHEE
40.0~340.0 C, #47 DSC Mk #r, 2538 K
5. DSC K145 LB 7S OA. UA AT PIP 43 HI{E
310.0. 282.9. 130.0 °C SIW HAFAE I i (T
7E TLLF 71 310.0. 282.9 CAbMHIEATIRAFAE,

P TLLF R EZEAF/EN OA Hl UA ik, X5

4 °C 40 C

TFLL-PIP (1 : 1) lﬁ\

i \
Al
i WNWMWMWNW%

4
!
‘,‘M“MWWM WWWWWWW%W

/Mh TFLL-PIP(15:1) * ‘“k'
W

¥ L™
“ o WMWW“*WAWWM«W«, WMM’ MMMW‘”‘W“WWWW

A A

/ TFLL-PIP (2 : 1) =*
MMM \M‘ : M C
er M“MWWWMWWMW Wlhwm WMWM%WW*WWMW
5 15 25 35 5 15 25 35

201(°)
* =R AR
* characteristic peaks of triterpenes
4 TLLF-PIP & CAC EFIRIMETT 4 CH 40 CTH
HI07F 90 d /589 PXRD [EliE
Fig. 4 PXRD of TLLF-PIP complex stored at 4 C and
40 ‘C for over 90 d in a dry environment
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5 PIP (a). ¥EREAEY (b)s TLLF-PIP-CAC (1 : 1, ).
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Fig. 5 DSC thermograms of PIP (a), physical mixture (b),
TLLF-PIP-CAC (1 : 1, c), TLLF (d), UA (e), and OA (f)
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PXRD 2 &5 RAHFF. 7E TLLF F1 PIP (¥ BEIR A
VI PIP R OA HIRFEAS sUVEAR IH T Bbr T L, (R
TEAETE, VAL R TT M mFs, X AR HTIRA
4 43 5 DU 3K PR 4 Rk 2% 1R R B 4> ELIE B R T 3k
P SRS WIMLL, TLLF-PIP E484H &k
D% SmAS A AR EAS s, $27R TLLF 5 PIP &
T CAC.

244 PR T RS (SEM) Ml SEM HARH
DA FH SRV 42 ] A 0 75 ) R T AN AR 4544, 8 TLLF.

PIP. TLLF-PIP-CAC (1:1) FIPEHWHIEEY
a3 A 8 7R & JE PR & B2 T W42 60 s, 3E1T SEM
MK, R 6. TLLF AAKUN FREEUIR, 5
A ILEIRZE R, PIP AL R SR, i
(A BIR AP LA WL PIP A TLLF ORI M 2
AW Hl & A e e 8, PIP A1 TLLF B9 R RAN
FHRAIRTE A G, 20 H SR TR RS (1 S BRI 45
¥, $#&R TLLF 5 PIP X IR AW —FiEEf s
BAEY

Bl 6 TLLF(A). PIP(B). #3EE4&4 (C) #1 TLLF-PIP-CAC (1 : 1,D) B SEM [&Elif
Fig. 6 SEM photographs of TLLF (A), PIP(B), physical mixture (C), and TLLF-PIP-CAC (1 : 1, D)

25 SFEMEEERER

18 L0 AM 61 (FTIR) 244 F T 78 TLLF
FPIP AR R FIRIMGSAH EAE R . 2Bk RE 5 iE
B IRAHILE T RIS N R B, 75 400~4 000
om T IEBGE A BEAT G, 2] FTIR B3 (& 7).
H& 7 255 AT L, UA 3 530 cm il s L)
{H4EIRENIE, 7E TLLF-PIP-CAC 1, iZiRzhikig R
A, HIEKE BT E 3425 cm *, 8] CAC Hh
TLLF MR EE R ik, 25T a8
72, UA. OA il TLLF # 1717, 1696. 1 697 cm *
NEREER IR, EPIER A Y 2R e g
HMARLE 1710 cm ™ ik, HIERIZEE, e CAC 1,
R FER G FBEMAGLE 1 690 em ' &b, X i
TLLF R IELE CAC FFAA{ESSHI EAER, 1R ATRE
5 Ho A BRIEIE AT L T3R8 — SRR, PIP 1
2L AhEE R, 1688 cm A PIP R ] (A e
FEPRBNE, TETE RIS, %0650 5 I ek 55

ZE4 UL W, 78 TLLF-PIP-CAC #, TLLF
5 PIP Z[AFAERR AR B BAEH, =K
VIR AT RELLFRIE (Ca B Co i) N Tt S5
W RIS (Co A, TRT324R) TERR T S k4
B
2.6 ZYNIAFNAREE RINE

FREL UA. OA. PIP. TLLF-PIP-CAC Fl% & ]
VIENREE R, HilEETABKE, REEE

T — WA WA AR
L
T T T T T
3500 3000 1500 1000 500
viem*

E7 PIP(a).¥BERAEY (b)s TLLF-PIP-CAC (1 : 1,c).
TLLF (d). UA(e) %1 OA (f) BY FTIR [EiZ

Fig. 7 FTIR spectra of PIP (a), physical mixture (b),
TLLF-PIP-CAC (1 : 1, ¢), TLLF (d), UA (e), and OA (f)

ZIENEER GERRAEX 2 F sy 35000, &
IR HIFN 25 mL %A pH 6.8 TR H: 22 1 (PBS)
PFr R, BT ERRG S, % (37.0£05)C,
M 100 r/min, $E$E 36 h, AV, 0 BIEGE
P 5 mL, FEFhZE 0.22 um BASFLIE e, sk
W, $%HR “2.3.17 TR ik AR SR IR T &
AR AR o

B AR AR AR 1, ARV L, OA Al
UA 7£ pH 6.8 [1) PBS H IR AIVE R B, 230N
3.42, 3.17 pg/mL, YHNREAYIF, WENIBEEA
Fri T, ARAHRLZE Gy BV FE S AR AR 2 T 3
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&1 77 37 C pH {E7 6.8 #) PBS HHYIBFNAMRE
(X*£s,n=3)

Table 1 Saturated solubility of drugs in PBS (pH 6.8) at
37 C (X=*s,n=3)

VLRI R B (ug-mL ™)

Bl
OA UA PIP
OA ik 3.4240.37 — —
UA fifk — 3.17+0.42 —
PIP §hfk — — 64.36+8.22

TLLF-PIP-CAC (1 : 1) 17.21+2.46 12.43+1.79 35.98+3.84
YFRIR AW 5.19+0.76 4.70+0.53 58.67+6.65

Zl, TLLF 5 PIP #il%3 o e M E &9, OA
5 UA WIEARIE /338 17.21. 12.43 pg/mL, A0
VAR EEAR S T & AR 25 70 i 1 5 50 4 £ .
5 TLLF WM FEse mti e, dil s it e e 5, PIP
(VRS BB TRK, 1 64.36 pg/mL (k) FBE
35.98 ug/mL (CAC), SZEnsE 3L CAC fe R 1k
i TLLF FIWRANEAREE, TAFRIT PIP AR .
2.7 HHIRALENE

FREL UA. OA. PIP. TLLF-PIP-CAC HlIH ¥
VIERGYE R, A0 E TENASET R A
TRiEN 35000, KA (HEZ M) 2015 4K PYH
T H I s vk rp 3k g . 53 100 r/min,
(37.0+0.5) C, BN FCNE AR FET 0.1 mol/L
IR £ 2l (pH 6.8), 4393 F 5. 10, 15. 30.
60. 90. 120 min HUFE 5 mL, I A IFAMINZEAAFAE
HA . FEAmLL 0.22 pm TlALyERE e, HULRuEW
20 pL HEAT HPLC WllzE, W5E &5 RARNFRE M2k it
HIREIKRE, FREmR R HE, ERILE 8.
MK 8-Ar[ I, 2h iy, OAF1UA H TLLF i &
TRV R AN 34.8%A0 29.0%, YIELIREYIT,
FHRLZH 73 B 3 5 RAR Y o RS20, #
TLLF 5 PIP #ill# % CAC J&, OA Al UA I BRFIA
H R 96% 1 89%, 4 HH R ATV H S R 15 3
BERTE. K 8-B N PIP [ B ik, HEwT
W, 7EHI45 K CAC Ja, PIP [ H 3 5 2 MR BRI,
i 95% C(fhik) FAZ 42% (CAC), SZEG&ERFKH,
KT BB ZART TLLF VAL, T PIP I
AN BT, 9 R TR A BE R T
3 g

ZIMITE R TEAS T i S B S s Vs R, T
DU IR, $ s OIRAEIRI B, HERATEE
Rgkaettz, EARRE F R b e e R 2

1009 4 cac 14 0A A
| —»-CAC 1 UA
—=—0A
—o—ER A OA
——YIER AT UA
1-e-uA

80

FRRBUA /%

T T T T T T T T 1
0 20 40 60 80 100 120
t/min
100

—=—CAC F PIP
{—o—VERA Y+ PIP

—A—PIP

80 -
£ 60
B
X
B 40
B

20 -

O T T T T T T T T T T 1
0 20 40 60 80 100 120

t/min
8 Tl FZIEMESAMBARP LA F=GELET (A)
FNEAHNEE, (B) 7E pH 6.8 B PBS thAyiA tHphik
Fig. 8 Intrinsic dissolution profiles of TLLF (A) and PIP
(B) in PBS (pH 6.8)

Gy AR N RS T e BRI SS, RIE, e
B RIZHT AR T AW ToE R . Rl
FINSETE 7 R 25K 2R (KRB R D, T Mg
[T 3 F Y PIP MBI E LS IE K T CAC, W3
HGE 7T R O EA PIP A ARSI
#% 7 UA-PIP-CAC (5 XXfF k), &IEZEE
B RIFH pH BUBRE U . o 3Lt e 2y
1 RIS R AR5, R
ZiWEgR, (E AR 2G5 5 IO R SR B 25 R B B
HUE BN, M B KSR E R
VA BB AT I T e B 7L, I 25507
(1)) 75125 A1 BEAR R 29 Z TR T RC AR R 2R

il 2% 00 8 B H R A RS . i
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TR VKA AN REP) . SeIe ISR AR
TREREEEHI45 TLLF-PIP-CAC, AHI T 254545k,
TLLF $2EF RN, AYriRa SR Ik
PEZ, HI&HE S PXRD Kl S B H KR &
TKIE, WIS SEM WS T MU IR F iR AN
BolRe RRBHIERER ST ME A, Tk
a7 B S 3R, #1451 TLLF-PIP-CAC £ PXRD &l
mn PRI R 54, HIRAYIRR /#0395 (B 6).
AVAEAERT I R 21 /N LT e B E &)
BAEHEVE P, R T S 3L TE
T . UL AE BT UA-PIP-CAC if 5¢ FR F1 A
RN R IR0y B L S BE R R BN, 46 T 4 Fh
AEYBR R ER LI T ME AW, LOEERE
B CAC 5 [H 2540 Lk UL H BENTE B CAC A
b, PXRD KIS A AR, i B S AN
/& TLLF-PIP-CAC JE RIS FEIE . HHI{E CAC
TE RS 13X — [X 3 AT e 55 25 W0 LE 5 770 10 AR A
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